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In conducting the research reported here, the investigators
adhered to "Principles of Laboratory Animal C e" as estab-
lished by the National Society for Medical Research.




ABSTRACT

The ammonium sulfate coprecipitation technique (ASCT) described v
rarr in 1958 has been emploved primarily with stable, well characterized
antigens such as serum proteins. To facilitate study of the efficacy ~f
inmunization procedures and the role of serum antibody in resgistance to
infection, the application of ASCT to purified micrcbial antigens has
been investigated. Studies with iodine 131-labeled » “tective antigen
of Bacillus anthracis, using an equal volume of 2.5 M amromfum sulfa*e
€2= gaprerinitatiomm, revealed differences in the combining capacities of
various equine sera, Approximaiely 10U% of a labeieva prolective antigcn
preparation was presipitated by & 1:20 dilution of hyperimmune pony serum,
whereas approximately 20% was precipitated by a 1:20 dilution of normal
horse serum., Similarly, using 3.2 M ammonium sulfate for coprecipitatio
radioiodine-labeled purified emterotoxin B of Staphylococcus aureus

‘ revealed differences in the combining capacities of various rabbit sera

N for the enterotoxin antigen. At a final concentration of 1 microgram
per milliliter, essentially 1007 of the labeled toxin was precipitated
by a 1:10 dilution of a pooled anti-enterotoxin sersm, whereas only 10
to 20% of the toxin was precipitated by normal rabbit sera. With both
systems, over a considerable range of dilutions of norme. and immune
sera, the proportion of antigen precipitated *y immune fecra remained
significantly greater. Thus, the ASCT yields sensitive and quantitative
measurements of auntibody reactive with these microbial antigens.




DETERMINATION OF ARTIBODY TO PURIFIED MICROBIAL ANTIGENS
BY AMMONIUM SULFATE COPRECIPITATION (FARR TECHNIQUE)

The ammonium sulfate coprecipitation technique, first reported in
detail in 1958 by Farr, provided a quantitatiwe ana fenaitive assay of
antibody to ifodine 131-labetled tovine serum albumin.” Since that time,
Farr end other wurkers have utilized this technique to investigate a
variety of 1mmmno%ggical phenomena, such as the production of antibody
after X-radiation; the cellular in vitro production of antibody following

in virn atimilatfon:® rha kfiatira A€ the antigen-antibody re_action;‘ and
the types of antibody synthesized during the immume response.” However,
nost investigators have employed in their studies the bovine serum albumin-
antibovine serum albumin system, or have utilized for ifodination and study
other stable and weil-characterized untigenic material as the serum proteins.
For some time our concern has been with the development or application of
serclogical procedures for sensitive and quantitative measurement of serum
antibody to eid in testing the efficacy of vaccines and immunization pro-
cedures, We have been rurpriged to find that the ammonium sulfate copre=-
cipitation technique of Farr has been virtually neglected by those studying
resistance to infection. In 1962, Preter did employ the Farr technique to
detect coproantibodies against Vibrio cholerae in humans {mmunized Ly the
oral and parenteral routes.® However, in his work he used relatively crude

"0" antigen preparations obtained by cell fractionation, which probably
contained numerous antigens. Intent on developing improved methods for
the assessment of the efficacy of immunization, we have studied the
applicability of the ammonium sulfate coprecipitation technique to
systems utilizing purfifie: atigenic material derived from microbial
gou;ces.

In this investigation we used two antigens derived from quite dissimilar
bacteria, In the first instance we used the anthrax protective antigen
prepared in our laboratory. This antigenic material is obtained from
Bacillus anthracis strain V770-NP1-R grown anaerobically in a defined
medium. The antigen is purified by chromatography of culture filtrates
on DEAE cellulose columns and gel filtration. Immunoelectrophoresis has
revealed the antigen to contain three components closely related serologi-
cally but differing in electrophoretic mobility. Preliminary ultracentri-
fuge study has indicated a molecuisr weight of the order of 80,000, This
purified antigenic materfal combined with al'mipum hydroxide suspension
has ‘:een found to have considerable {mmunizing activity in guinea pigs.

The second microbial antigenic material employed was staphylococcal entero-
toxin B obtained from Staphylocuccus sureus strain S6, and kindly supplied
by Dr. E.J. Schantz of Port Detrick. This material is purified by chroma~
tography on Amberlite CG-50 resin and carboxymethyl cellulose, The entero-
toxin B antigen has been characterired as a simple protein with a molecular
weight of 35,000. It {s a homegeneous materisl, as indicated bv the
analytical ultracentrifuge (2.89 g§), free electrophoresis, and by agar

gel diffusion tests. Its purity has been estimated as greater than 993%.

o bt e e s




g g
%
é
%
i

Todination of the purified microbial antigens to obtain labeled
material for serology was performed by the usual nitrous acid procedure
or by & modificd microdiffusion iodination technique.

A purified anthrax protective antigen preparacion was labeled with
iodine 131 by the nitrous acid method described by Johnson, et al,” The
effect of fodination on the prec. pitating activity of protective sntigen
was tested by Ouchterlony plate titration, which indicated full retention
of that biological activity., Estimates based on values of 80,600 as the
molecuiar weight end 0.1 milligrem protein per milliliter of antiger indi-~

cated a labeling of approximately 3 atome of iodine per molecule of antigen,

Recovery of the labeled protective antigen from unbound iodine was obtained
by passage through a Sephadex G25M gel columm. Recovery of the protective
antigen from the column, as determined by Ouchterlony preclpitating activity,
was coincidental Will. *h2 seame of twa radingorivity peaks obtained, Thisg
is indlicated in Figure 1. Essentially all of the original added radic-
activity could be recovered from the Sephadex columms, Usually, with this
protective antigen preparation, 80 to 917% of the added hiological activity
w2s recovered. and the level of radicactivitv present with the antigen
fractions indicated an efficiency of labeling of 15 to 25% of the original
radioactivity, Figure 1 illustrates a typical separgtion. In thias instance
we obtained 8§u% recovery of the BMological activity and epproximstely 227
of the added radiocactivity was present in the antigen. peak material,

Since Farr's original technique depcaded on the solubility of uncome
bincd labeled givumin in half-saturated ammonium sulfste, we next investi-
gated the solubility of our lebeled protective sntigen at va.ious concen-~
tration= of ammonium sulfats. Anti:cipatiag manipulations at various
tempersiures, we used molarity rather than per cent ssturation in our
work, Figure 2 indicates the solubility of the psoled labsled protective
antigen st various concentrations of ammonium sulfste, The lsbeled antigen
vas {nsoluble at high ammonium sulfate concentrations, especislly in the
nregence of normal serum, but at 2.8 M concentration, even with serum
present, was relatively soluble. npproximately 707 of the labeled protec-
tive antigen, with normal serum present, was soluble in 2,8 N amponium
eulfete, To sliminste the possibility of scme nonspec{fic precipitation
of leheled antigen during serological tests we fiist trested our labeled
preparation with 3.2 M ammonium sulfate. Then we tesred the ressfning
goluble protective antigen for coprecipitation with norsel and imsune
squine gsera, using 2.8 M ammounium sulfate.

As Figure 3 indicates, ve found marked differences in the coumbining
capacities of various equine sera. Approximately 100% of the labeled pro-
tective antigen was precipitated by a 1:20 dilution of a hyperimmune pony
ssrum, but only spproximstely 207 was precipitated by & 1:20 dilution of
normal horse serum, As the antiserum wvas diluted, the proportion of antigen
precipitated was decreased. Using precipitation of 50% of the radicactive
antigen to characterize the sorum, a direct relatiouship was noted between
the coacentration of antigen smployed and the extent of coprecipitation.
With a tenfold decrease in antigen concen.ratfion an incresse {n serum titer
of approximately tenfold was observed.
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We next investigated the applicability of using the Farz technique with
an even more highly purifised microblal amiigenic msterial., Staphylococcesl
gaterotorir B was lodinated by a3 modification of a microdiffusion procedure
of Parerjee and Ekins,s which eliminates the addition of axidizing agente
to the protein ard avoids dilution of its concentration. The labeled ‘
enterotuxin was geparated from unbound iodine by dielysis. Caleulations
of the convergion of iodine-131 to the gaseous phase, of the diffusion of
the iodine into the protein sclution, and of the 2fficiency of labeling
indicated that approximately 0.5 to 1.5 atoms of {ecdine were bound per
molecule of toxin., Both the- Quchtarleny and Oudin procedures indicated
that egsentially 1007 of the precipitating activity of the enterccoxin
was retained after iodinatien and dialysis.

For .2chnical and seanipulative reasons, when we started using the
enterotoxin system for serology, w. Initlated the counting of the non-
vrecipitated soluble rediocactive antigen as an indication of the extent
of coprecipitation. Therefore, the following graphs were plo--«d to
indicate per cent solubility of the radicactive antigen in the presence
of the test serum. As Figure 4 indicates, serological studies using 3.2 M
amwnium sulfate for coprecipitation and radiolabeled eucerotoxin B at a
final concentration of 10 ug pe. ml revealed differences in the combining
capacitieg of various rabbit sers for iLae enterotoxin antigen., Greater
than 657 of the toxin antigen was precipitated by a 1:10 diiution of a
pocled anti-enterotoxin serum; only sn aprroximate 25% of the test antigen
was precipitated by 1:10 diluted normal rabbit sera, Agaim, as in the
anthrax system, as the antiserum was di'uted, the proportion of toxin
precipitated was decreessed; at high dilution of immune sera, essentially
none of the lsbeled toxin was precipitated.

Studie: t"~ve also conducted using radiolabeled enteroctoxin antigen at
8 final conceatration of 2 pg per ml (Fiég. 5). In this case, essentially
1007, of che toxin antigen was precipitated “y irmmne sera diluted 1:13,
but lesa than 07 of the antigen was precipitated by normal rabbit sexa
d!luted 1:10.

Sercliogical studies with highly lupeled enterotoxin employed at a
final concentrstion of 1 ug per ml resulted in even more sensitive detec~-
tion of anti-eaterctoxin antibody. Again, a8 Figure 6 indicates, essen-
tially 1U0Z of the tonin was precipitated by various imrwme sera diluted
1:19, althourh only 10 to 207% of the antigen was precipitated by 1:10
aormal sera. e

Figure 7 condincs the coprecinitation datsa obtained with the immmume
rabbit serum at tne three previsusly mentioned enterotoxin concentrations.
Serum titer was talken as the reciprocal of the serum dilution causing
precipitation of at least 507 of the labeled toxin antigen, As In the
anthrax system, comparisona indicate that the antigen-combini ; titers
of immune seraz ar. inversely related to the antigen concentration employad.
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In summery, the resultg of this study indicate that the very sensitive
and quantitative coprecipitation technique is applicable to the study of
antibodies produced ‘n response to microbial antigens, A gensitive
method is thus availab’: to test for efficacy of vaccines and immunization.
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